One contribution of 14 to a theme issue 'Linking local adaptation with the evolution of sex differences'. Sexual conflict can lead to rapid and continuous coevolution between females and males, without any inputs from varying ecology. Yet both the degree of conflict and selection on antagonistic traits are known to be sensitive to local ecological conditions. This leads to the longstanding question: to what extent does variation in ecological context drive sexually antagonistic coevolution? In water striders, there is much information about the impacts of ecological factors on conflict, and about patterns of antagonistic coevolution. However, the connection between the two is poorly understood. Here, we first review the multiple ways in which ecological context might affect the coevolutionary trajectory of the sexes. We then review ecological and coevolutionary patterns in water striders, and connections between them, in light of theory and new data. Our analysis suggests that ecological variation does impact observed patterns of antagonistic coevolution, but highlights significant uncertainty due to the multiple pathways by which ecological factors can influence conflict and its evolutionary outcome. To the extent that water striders are a reasonable reflection of other systems, this observation serves as both an opportunity and a warning: there is much to learn, but gaining insight may be a daunting process in many systems.
Introduction
Sexual selection plays out on an ecological stage, which sets the costs and benefits of sexual interactions and their outcomes. Therefore, ecological context-including variables like predation risk, food supply and population density-is expected to be key in shaping mating system variation and the strength of sexual selection [1] [2] [3] [4] [5] [6] . The theory of sexual conflict similarly emphasizes the influence of ecological factors [7] [8] [9] [10] . In this paper, we focus on sexual conflict resulting from evolutionary conflicts over mating interactions, both in general and in water striders as a case study [11] [12] [13] .
We know a considerable amount about the ecology of sexual conflict in water striders [7, 14, 15] . Early work centred on within-population studies examining how ecological factors (such as food availability, predation risk, population density and sex ratio) affect the economics of conflict, behavioural plasticity around mating decisions and consequences for sexual selection. For example, mating becomes more costly for females in low-food environments because mating interferes with foraging. Females respond by increasing behavioural resistance to mating, which, in turn, increases sexual selection favouring male traits that overcome resistance [16] . In addition to these within-population studies, comparative studies have documented the correlated evolution of antagonistic traits across both populations and species, and demonstrated that variation in these traits relates to variation in mating behaviour among groups [15,17 -22] .
Given that there is ample information about the ecological forces acting on water strider mating conflicts within populations, and patterns of sexually antagonistic coevolution (SAC) among evolutionary units ( populations or species), one might expect to see a straightforward link between the ecologically & 2018 The Author(s) Published by the Royal Society. All rights reserved.
driven within-population processes and macroevolutionary patterns. However, there is a surprising disconnect between these levels of investigation. Studies have only recently begun to attempt to connect ecological effects on sexual conflict within populations to the coevolutionary dynamics of antagonistic traits [15] . To the question-what role does ecological context play in driving SAC?-we have only partial answers.
We believe this disconnect arises for two related reasons. First, it is challenging to connect ecological effects to coevolutionary patterns because they have been studied at different scales. Ecological effects are usually studied through manipulations within populations, but coevolution has (and must) be studied among evolutionary units. As a result, each level of study ignores the other: studies within populations have assumed a fixed and non-evolving set of sexually antagonistic traits (reviewed in [7, 23] ), while studies of the dynamics of SAC have frequently ignored ecological variation among evolutionary units and have always ignored behavioural plasticity within evolutionary units [15,17 -19,21,22] . Second, it is challenging to discern underlying processes from coevolutionary patterns. Theory for sexual conflict predicts that coevolution of antagonistic traits can happen even in the absence of ecological variation [12, [24] [25] [26] [27] . Consequently, detecting SAC does not implicate a driving role for ecological factors. Neither of these obstacles is likely to be restricted to sexual conflict and antagonistic coevolution, given the impact of ecology on other processes of sexual selection, and given that at least some mechanisms of sexual selection (e.g. Fisherian runaway selection) can drive the coevolution of preferences and traits even in the absence of ecological variation.
Here, we address the disconnect between withinpopulation and coevolutionary patterns, using water striders of the genus Gerris to focus the discussion. We first briefly review the extensive evidence for ecological effects on sexual conflict within populations. We then review theory and emerging evidence for ecological effects on SAC, developing a framework for how SAC should shift with the ecological setting, and present new supportive data from water striders. Finally, we highlight discrepancies between the two levels of study, and discuss means to bridge the gap between them in future research.
Ecological effects on sexual conflict within populations
We consider ecological effects on sexually antagonistic selection and coevolution in the light of an earlier model ( [28] , figure 1 ). As in this model, males and females in many species experience conflict over mating rate, with males often favoured to mate at a higher rate than females (indicated by positive and negative relationships between mating rate and male and female fitness, respectively, in figure 1a [7, 23] ). There is sexually antagonistic selection favouring traits, in both sexes, that move realized mating rate in the direction favoured by the sex bearing them. Hence, male traits that increase mating rate and female traits that decrease mating rate (indicated by positive and negative relationships between antagonistic traits and mating rate, respectively; figure 1a) both experience positive indirect selection through their effects on mating rate (dashed lines in figure 1a ). These sexually antagonistic traits have been characterized as 'persistence' traits in males-for example, behavioural harassment of females or morphological adaptations for holding on to females-and 'resistance' traits in females-for example, evasive and defensive behaviour and anti-grasping structures. How might ecological variation influence the degree of sexual conflict and the exaggeration of antagonistic traits? Inspection of figure 1a reveals several possibilities. Ecological factors can influence the optimal mating rate for each sex (acting along pathways I, figure 1a), changing the strength of the relationship between mating rate and fitness within each sex, and hence the degree of conflict over mating (figure 1b). Alternatively, the relationship between sexual armaments and mating rate can change depending on the local environment (along pathways II, figure 1a ). For example, the effectiveness of male persistence traits in increasing mating rate might vary with population density and sex ratio, as well as female behavioural resistance to mating, which itself will often be sensitive to ecological variation. Finally, the local environment can set the direct costs of sexual armaments, including costs of developing, bearing, maintaining and deploying traits (pathways III, figure 1a) . In all three cases, ecological variation might affect the sexes in sex-specific or congruent ways. Hence, ecological variation can be expected to shape the relationships between mating rate, sexual armaments and fitness, and in complex ways.
Water striders within the genus Gerris share a similar mating system, characterized by multiple mating in both sexes, pre-mating struggles and (frequently) post-mating guarding [7] . Males gain the opportunity for fertilization with each mating, but most mating can be considered superfluous to females at best, beyond very infrequent matings required to replenish sperm, or costly at worst, with costs including reduced feeding efficiency during copulation and increased predation risk [31, 32] . Thus, there is sexual conflict over mating (figure 1a), and encounters between the sexes often result in mating attempts by males and behavioural resistance to those attempts by females. Resistance behaviours include vigorous attempts to disengage from males and leaving the water surface [7, 33] . In addition to female behavioural resistance, females of many Gerris species have sexually antagonistic morphological structures that include dorsal abdominal spines (figure 2) [34] , and in G. gracilicornis, a modified pregenital segment that covers the genital opening [35] . Males have corresponding persistence traits, including frequent and vigorous harassment of females and grasping adaptations, and enlarged sexually dimorphic forelegs and elongated and curved pregenital abdominal segments, which house grasping genitalia (figure 2) [36] . Body size is also likely to evolve at least in part as a sexual armament, as larger females are better able to resist males and larger males better able to overcome resistance [21,37 -42] . Furthermore, both sexes experience direct costs from their sexually antagonistic traits (figure 1a). Pre-mating struggles arising from male harassment and female resistance attract predators and can appear energetically demanding [32] . Producing morphological armaments also entails costs. For example, producing spines prolongs moulting and thereby increases risk of predation and cannibalism [43] .
Ecological effects on each of these pathways have been demonstrated in within-population studies of Gerris spp.
(reviewed by [7, 23] figure 1a ; [7, 23] ). In sum, as the costs of mating to females increase, females ramp up their resistance to male mating attempts. There is evidence to suggest that ecologically driven variation in the economics of mating might sometimes be congruent between the sexes (e.g. pre-mating struggles increase predation risk for both sexes) and sometimes be sex-specific (e.g. mating increases predation risk more for females than for males [32] ). There is also empirical support for the hypothesis that ecological variation mediates the relationship between sexual armaments and mating rate ( pathways II, figure 1a [7, 13, 23] ). Selection favouring male grasping morphology increases when females resist mating; the strength of sexually antagonistic selection, therefore, depends on female behavioural plasticity, which depends on the costs of mating and struggling that are set, in part, by ecological context [7] . Hence, ecological variation can set the degree of sexual conflict, and sexual selection on male traits, through effects on female resistance behaviours. In total, sexual armaments in water striders should be shaped by selection that depends on the costs of mating, the costs of expressing armaments and the expression of the opposite sex's antagonistic traits (including behaviour and morphology). Ecological factors have been demonstrated to influence all of these variables.
Patterns of correlated evolution in sexually antagonistic traits
One of the most interesting outcomes of sexual conflict is the potential for SAC, brought about because each sex exerts selection on the other (figure 1a). In groups with strong sexual conflict (figure 1b), SAC is expected to drive rapid evolutionary divergence, and because this divergence does not typically resolve the underlying conflict, there is the potential for sexual arms races, in which armaments in both sexes are exaggerated and more or less evenly matched within groups [12,24 -27] . Other coevolutionary outcomes are possible in theoretical models, including a single equilibrium, evolutionary cycling between highly and lowly armed states, and diversification within a sex into multiple phenotypic states [11, 26, 28, [44] [45] [46] [47] [48] .
(a) Antagonistic coevolution in Gerris
In Gerris spp., just such an arms race pattern has been documented in comparative studies among species [17] [18] [19] and among populations of a single species [15, 21] . The general pattern of correlated evolution is one of matching across evolutionary units between male and female antagonistic traits [34] : populations or species with exaggerated antagonistic traits in one sex have similar exaggeration in the other sex, generating a line of covariance between male and female traits across units (figure 2). Behavioural trials support the idea that there is some balancing of these traits between the sexes during correlated evolution: in common garden trials Figure 1 . Sexual conflict over mating rate. (a) In this example, we consider a system in which more mating increases male fitness but decreases female fitness (þ and -signs along pathways I for males and females, respectively). Sexual conflict is generated by these opposing effects of mating rate on male and female fitness (w), and results in selection favouring male and female traits that shift mating rate towards each sex's optimum (þ and -signs along pathways II). Sex-specific traits have positive indirect effects on each sex's fitness through effects on mating rate (dashed lines), along with negative direct effects borne by each sex (e.g. trait costs; solid lines). Ecological variation can be expected to shape relationships between traits, mating rate and fitness, at pathways I, II and III (see §2). Adapted with permission from Rowe and Day [29] . (b) Each sex's optimum is set by the balance of sex-specific benefits and costs; arrows indicate the direction of selection. Benefits and costs will be influenced by the local environment; for example, the sexes might experience conflict over a wider range of mating rates in one environment than another. Adapted with permission from Rowe et al. [30] . Figure 2 . Covariation between male and female sexual armaments among populations or species (triangles, for illustration only). Groups are aligned on a coevolutionary line of equilibrium (solid line, equivalent to a first principal components axis), along which the sexes have more or less evenly matched armaments. Groups might also deviate from the line such that one sex has a relative advantage (dashed line, equivalent to a second principal components axis). Photos show female dorsal spines (sp) above the genital opening (go) and male pregenital segments ( ps) of Gerris incognitus; these traits covary among populations [21] . (Online version in colour.) rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 373: 20170418 there is little variance in mating rate along the evolutionary line of covariance [19, 21] . Moreover, in groups that are displaced from the line of covariance, when females are relatively armed, mating rate is reduced, whereas when males are relatively armed, mating rate increases [19, 21] .
(b) Ecological effects on antagonistic coevolution
We know much less-theoretically and empirically-about the influence of ecological variation on SAC than on sexual conflict and sexually antagonistic selection within populations [10] . Here, we offer a framework to address this question in Gerris spp., and more generally.
As a starting point, we note that theory suggests that SAC can occur in the absence of any ecological variation [12,24 -27] . Net selection on each sex's antagonistic traits may be dominated by selection resulting from the opposite sex's antagonistic traits. Here, evolutionary units may evolve along a coevolutionary line of equilibrium, and their position along the line should depend on initial conditions, stochastic mutation order effects and genetic drift ( [12,13,24,48 -50] ; see also [51] ). As a water strider example, suppose that a mutation invades a population that increases female investment in spines, such that (all else being equal) mating rate is reduced. This increases selection for larger male grasping traits (figure 1a), which, in turn, might increase selection for even larger female spines. This ratcheting process will move the group up and to the right on the line of equilibrium (figure 2). Because the sexes remain evenly matched, mating rate should not vary among groups along the line. We can also expect to find populations that have moved away from the line towards sexual mismatch; in the example above, females may initially gain an advantage in spines before males catch up. In any large enough set of groups there will inevitably be some groups where one sex has a temporary advantage. The mating behaviour outcome should reflect the imbalance in armaments, such that mating rates should shift towards the optimum for the sex with a relative advantage in armaments. Thus, the evolutionary dynamics of SAC alone can explain a group's position in coevolutionary space, even without ecological variation. We can use this model as a base from which to explore the potential role of ecological variation in driving units up and down an observed line of covariance.
At first pass, the pattern predicted by this non-ecological model fits the comparative data for Gerris well. For both among-species and among-population contrasts, male and female traits are positively correlated among evolutionary units, without any change in mating rates in common garden experiments, suggesting that exaggeration of male and female traits are matched. Although these results are consistent with models of ecology-free SAC, it seems unlikely to us that ecology has no role, given the many ways that ecological context can affect the economics of mating and trait expression ( figure 1a) .
We suggest two scenarios by which ecological variation might cause groups to move up or down such a coevolutionary trajectory. First, optimal mating rates in both sexes might vary among environments, leading to higher investment in sexual armaments in groups that experience high conflict, and lower investment in groups that experience low conflict. For example, as noted above, at high population densities, the costs of mating for females start to be outweighed by the costs of continuous male harassment when not mating. Here females tend to resist male mating attempts less vigorously, and will experience less selection favouring exaggerated spines; both factors will lead to reduced selection on persistence traits in males. The outcome will be a correlated reduction in armaments in both sexes with decreasing conflict; in other words, the same morphological pattern is generated as with ecology-free SAC.
Testing this hypothesis will require measuring the relative degree of conflict over mating across evolutionary units in their natural habitat, a challenging task given that it requires data on how variable mating rates impact fitness in both sexes in the wild. As a first pass, one can instead assess mating rates under natural conditions across units. The hypothesis above suggests that mating rates will be higher in less armed species. A weakness of the comparative datasets we have described above is that mating rate has been assessed across evolutionary units in a common garden environment. The available data on mating rate variation among populations or species, therefore, do not necessarily reflect optimal mating rates for either sex or realized mating rates in their natural habitats. These common garden experiments tell us only that when antagonistic traits are matched between the sexes across groups, mating rate will be similar when in the same environment.
A second scenario is that variation among groups along a line of covariance results from ecological effects on the costs and benefits of expressing sexually antagonistic traits, if some environments are more permissive for developing these traits in both sexes. For example, in water striders, pre-mating struggles, which reflect both male persistence and female resistance, increase predation risk for both sexes [32] , and so may be similarly sensitive to variation in predation. Thus, we would expect correlated evolution across a predation gradient.
One can also ask what ecological forces might drive groups away from the line of covariance. The scenarios above might explain movement away from the line when ecological variation has sex-specific effects, rather than congruent effects on males and females. For example, if the costs of producing antagonistic traits are elevated in females alone, then we expect less investment in antagonistic traits by females, relative to males, and higher mating rates. Although the currently available data demonstrate that relatively unarmed females (from groups falling on the male side of the line of equilibrium) mate at a higher rate in a common garden environment, these data do not tell us about mating rates in the field, and cannot address the costs of armament expression.
In the end, we are left in a position where a simple ecology-free model can account for the coevolutionary pattern in sexually antagonistic traits in water striders, but there is a wealth of data suggesting a central role of ecology in conflict ( §2), leaving a nagging sense that they must be connected. Moreover, although ecology can drive the comparative patterns we see, it can do so in many alternative ways. Any given ecological variable is likely to affect several aspects of sexual conflict (e.g. the pathways in figure 1a) ; for example, a higher predation risk increases the costs of mating in males and females, but might do so to different extents in each sex [32] , while also increasing the costs of producing spines [43] and engaging in both harassment and resistance behaviours [32] . Thus, the only direct route rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 373: 20170418 to distinguishing the hypotheses is to measure selection acting on each pathway illustrated in figure 1a. This is more than a daunting task! A promising and more tractable alternative is to measure ecological variables-rather than selection-across local environments, and to ask whether patterns emerge that could narrow the options. If there are no ecological correlates that explain variation in sexual armaments or mating rates among groups, then the simple non-ecological model of SAC would gain support. If one or more ecological factors emerge, then closer study of their impact on the pathways identified in figure 1a is warranted. This is the approach we have begun in analysing the correlated evolution of antagonistic traits among populations of Gerris incognitus in recently published work [15] and in new analyses below.
Ecological correlates of the arms race in Gerris incognitus
Our goals in a recent study were to test how candidate ecological variables are associated with population divergence in sexual armaments, and whether ecological variation could account for the positive covariation between male and female armaments without a need to invoke SAC itself [15] . We identified 12 ecological variables (table 1) all relating to aspects of growth, survival or costs of mating or premating struggles, from within-population functional studies of water striders. Variables related to growth included measures of warmth, the presence of other water striders as potential competitors for food [55] , and measures relating to aquatic habitat stability (water body size and precipitation), as more stable habitats are associated with larger body size Table 1 . The strength of evidence for ecological models of mismatch in sexual armaments (scores on principal component axis 2 summarizing variation in female spines and male pregenitals), across 16 populations of G. incognitus sampled from British Columbia, Canada (see [21] ). Akaike's information criterion (corrected for small sample sizes; AICc) is given along with model probability, indicating the probability of each model within the set of models given the data and evidence ratio, measuring how many times greater support is for the best supported model, compared with model i. a Measured at 14 sites; imputed for two sites by the relationship between measured pH and geographical coordinates (see [15] ).
rstb.royalsocietypublishing.org Phil. Trans. R. Soc. B 373: 20170418 [56] . Variables related to overwintering survival included measures of the severity of winter cold and the depth of snow as protection from cold [52] . Because the risk of predation is an important source of mating and resistance costs, we considered the presence of common Gerris predators, as well as ecological correlates of predator abundance (emergent vegetation, canopy cover and water acidity [57 -62] ). Note that the absence of a detectable relationship between morphology and ecological variables does not tell us whether there is no relationship, whether our measures are only weakly correlated with real ecological variation, or whether temporal fluctuations in the environment limit the consistency of ecological effects on morphological evolution. Many of these variables are known to affect more than one dimension of water strider life. As examples, emergent vegetation, canopy cover and water acidity affect community structure for aquatic invertebrates, including the diversity and abundance not only of predators of water striders but also of prey and heterospecific competitors [63 -65] . This makes it likely that any given ecological dimension might act along several pathways related to sexual conflict simultaneously ( figure 1a) . From the set of ecological variables, we detected several that were associated with a population's degree of exaggeration in sexual armaments-in particular, female spines and male pregenital segments-in 16 G. incognitus populations [15] . Populations with reduced sexual armaments tend to occupy more productive local environments: warmer areas with less acidic water. Hence, a population's position along the line of covariation is associated with characteristics of its local environment. This ecological signature to variation in sexual armaments raises the question of whether ecological variation alone can explain the positive covariation between male and female armaments among groups, without a need to invoke SAC. However, we found that positive sexual covariation in armaments remained even after accounting statistically for both ecological variation and for neutral genetic variation [15] . Therefore, true coevolution is indicated-antagonistic traits in one sex appear to be driving the evolution of antagonistic traits in the other-and ecology appears to be influencing coevolution.
We now expand this example to ask two new questions, using data from the same G. incognitus populations (electronic supplementary material, table S1). First, can ecological variation account for which sex holds a relative advantage in sexual armaments? We test this idea by modelling the degree of mismatch between female spines and male pregenitals (measured by scores on the second principal components axis summarizing variation in female spines and male pregenitals) as a function of the ecological variables described above. We found that females had a relative advantage (here, lower PC2 scores) in populations occupying figure 3 )-those with shorter breeding seasons and more severe winters, with greater depth of snow and more often near the lower lethal limit for overwintering water striders. Although these two variables should have opposing effects on overwintering mortality (i.e. more snow makes winters less severe for water striders [52] ), those local environments with more snow also have lower temperatures and longer winters. Hence, ecological variation is associated not only with the degree of exaggeration of sexual armaments [15] , but also with who has the lead in the sexual arms race. Second, is variation in mating behaviour solely an outcome of sexual morphology, or do populations diverge in mating behaviour with respect to the local environment and independent of morphology? We asked whether we could detect a relationship between ecological and behavioural variation, after accounting for behavioural variation explained by morphology. To do this, we calculated residual values for sexual behaviour from a multiple regression that included morphological variables associated with behavioural variation [21] : the relative advantage males have in sexual morphology (PC2 scores, as above), sexual size dimorphism, and their interaction. We measured behaviour in a common garden laboratory environment, as noted above, and used two measures of mating behaviour: a summary measure of sexual activity (PC1 scores summarizing variation in the frequency of male harassment, the proportion of struggles that resulted in mating, struggle duration and mating rate; see [21] ) and mating rate alone.
After accounting for associations between sexual morphology and these two measures of behaviour, we did not find any detectable relationship between ecological and behavioural variation (tables 2 and 3). We, therefore, find no evidence for the independent evolution of mating behaviour in response to the local environment. Instead, variation in mating behaviour appears to arise based on relative advantage in sexual armaments or in body size.
The future
We found several ecological correlates for the outcome of SAC, suggesting that ecology may play a role in the process. The next, and more work-intensive, step is to develop an understanding of how these ecological parameters translate into those factors that we know directly impact the pathways identified in figure 1a. These include density, food supply and predator abundance. There are some behavioural metrics that should allow a short cut in narrowing down the possible role of ecology. Prime among these is an understanding of how optimal mating rates in the two sexes, and hence the degree of conflict, varies across these ecological gradients. As noted, this is a formidable task, but simply measuring mating rates across these gradients would at least indicate whether or not there was a correlated change in one or both of the sexes. We know, from the common garden laboratory studies discussed above, that in the absence of ecological change, mating rates do not vary among the populations; if they do in the wild, then ecological factors are implicated.
We also do not currently know how general the ecological correlates of SAC that we have observed are in water striders. Our findings are based on correlations across 16 populations, and it will be important to test the extent to which the correlations hold in independent population datasets of G. incognitus and congeners. Furthermore, the extent to which ecology shapes SAC at the species level is entirely unknown. On the one hand, different species are more likely to experience distinct ecological settings, which should magnify ecological effects. On the other, species-level sexual coevolution might be more strongly influenced by rapid divergence associated with speciation events [66, 67] , where a signature of ecology may be lost.
There are whole sets of interesting questions that remain open in this group, and in the field of sexual conflict more generally. For example, we have previously suggested that Table 2 . The strength of evidence for ecological models of a summary measure of mating behaviour, after controlling for variation in mating behaviour associated with sexual morphology. Model variables and AICc results are described in female body size and female spines might act as alternative sexual armaments in water striders [21] . Perhaps ecological variation determines the diversification of alternative phenotypes, rather than only the exaggeration of single types. Another open area is how ecological input affects the links between SAC and speciation and extinction. The relationship between sexual conflict and speciation has been controversial. Some theory predicts that conflict should enhance speciation (e.g. [26, 68, 69] ), whereas other suggests a more complex effect [29, 70, 71] , and yet other theoretical work predicts that it will also enhance extinction [72, 73] . Empirical tests have been inconclusive, with mixed support [74, 75] . To the extent that ecological factors affect the degree of sexual conflict, they can play a role in speciation and extinction.
Summary and outlook
We began this paper by emphasizing a surprising disconnect in water striders between our understanding of the role of local ecological factors in determining the degree of sexual conflict and selection on antagonistic traits, and the observed macroevolutionary patterns in SAC. Our initial attempts at connecting these two datasets have brought us forward. We provide evidence here and elsewhere [15] that ecological factors are correlated with movement of populations both along and off the observed line of antagonistic trait coevolution. These data implicate a role for ecology in the coevolution of sexually antagonistic traits. We also demonstrate that there is little evolution in the behaviours involved in conflict. We know these behaviours are highly plastic, and that may slow their evolution. Despite identifying some environmental correlates of SAC, we do not know how, of the many routes, they may affect optimal mating rates or trait expression, and so there is considerable distance to go. The next steps require much more attention to comparative ecological and behavioural studies, particularly local mating rates.
Furthermore, the complexity of the questions is heightened by sexual coevolution: any ecologically driven change in behaviour or morphology in one sex will change selection on the other. Although we have centred the discussion around SAC and on water striders, the complexity of the problem almost certainly extends to other species and forms of intersexual coevolution. The economics of mating interactions are known to be sensitive to local ecological conditions across a broad array of systems (e.g. [76 -78] ). This may be particularly true for resource-based systems where ecological factors (e.g. food resources) are part of sexual interactions. For example, in nuptial-feeding katydids, the strength of sexual selection is sensitive to food supply, and substantial changes in supply can even change which sex is exercising mate choice [79] . But even non-resource based and apparently simple systems can be highly sensitive to ecological conditions. For example, recent work on fruit flies has demonstrated that spatial structure can affect the strength of mate choice and sexual conflict [80] . Understanding the extent of the effects of ecological context on intersexual coevolution, including SAC, will require much closer study of the economy of mating, as others have noted [4, 5, 9] . Our experience with water striders suggests that this is a first step, and that connecting that understanding to coevolutionary pattern will be a second and perhaps longer step.
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